Tabernaemontana catharinensis root bark ethanol extract, EB2 fraction and the MMV alkaloid (12-methoxy-4-methylvoachalotine) were evaluated for their antimicrobial activities. T. catharinensis ethanol extract was effective against both strains of the dermatophyte Trichophyton rubrum at concentrations of 2.5 mg/mL (wild strain) and 1.25 mg/mL (mutant strain), while the EB2 fraction and MMV alkaloid showed a strong antifungal activity against wild and mutant strains with MIC values of <0.02 and 0.16 mg/mL, respectively. The EB2 fraction showed a strong antibacterial activity against ATCC strains of S. aureus, S. epidermidis, E. coli and P. aeruginosa with MICs from <0.02 to 0.04 mg/mL, as well as against resistant clinical isolates species of Enterococcus sp, Klebsiella oxytoca, Citrobacter, K. pneumoniae, P. mirabilis, S. aureus, S. epidermidis, E. coli and P. aeruginosa with MIC values ranging from 0.04 to 0.08 mg/mL. The MMV alkaloid presented a MIC of 0.16 mg/mL against the strains of S. aureus and E. coli ATCC. For the resistant clinical isolates Enterococcus sp, Citrobacter, S. aureus, S. epidermidis, E. coli and P. aeruginosa the MIC of MMV ranged from 0.08 to 0.31 mg/mL. The chromatography analysis of the EB2 fraction revealed the presence of indole alkaloids, including MMV, possibly responsible for the observed antimicrobial activity.
The increasing development of bacterial resistance to traditional antibiotics has reached alarming levels. Moreover, fungal infections in immunocompromised patients have increased in recent years, which have contributed for the appearance of pathogen species that so far were not considered etiological agents of systemic mycoses [1] . As a result, the search for new antimicrobial agents from medicinal plants has grown considerably, mostly for those presenting novel modes of action and/or different cellular targets compared to the existing antibiotics [2] [3] [4] .
The genus Tabernaemontana comprises 100 species distributed throughout the tropical regions of the world [5] . Tabernaemontana species are well known for their indole alkaloid content and approximately 240 structurally different indole bases have already been described [6] . Those alkaloids have shown a wide range of biological activities including cytotoxicity [7] , promo-ting of reversal vincristine-resistance in cultured cells [8] , antimicrobial activity against Gram-positive bacteria [5] and antifungal activity [9] . T. catharinensis has been traditionally used in the North-eastern region of Argentina for wound disinfection, against throat, eye and fingernail infections, in the treatment of gonorrhea and diarrhea, as well as against infections caused by parasites. Those actions have been commonly attributed to the presence of alkaloids [10] . In view of ethnobotanical information and that T. catharinensis has a motivating phytochemical profile, the aim of this work was to evaluate the antimicrobial activities of its root crude extract as well as those promoted by EB2 fraction and the MMV alkaloid obtained from extract ( Figure 1 ). reported the antifungal activity of Indigofera suffruticosa aqueous leaf extract against T. rubrum (MIC value of 2.5 mg/mL). MIC of EB2 fraction ranged 0.02 mg/mL for both T. rubrum strains, a MIC value lower than obtained for crude extract and also for the positive control fluconazole (MIC = 0.07 mg/mL for both strains). The MIC for the MMV alkaloid was 0.16mg/mL for both strains of T. rubrum ( Table 1) .
T. rubrum is the most frequent cause of skin infections, being characterized mainly by its tendency to chronicity and resistance to conventional treatments [12] . T. rubrum has been associated to opportunistic diseases, acting invasively in immunodeprived HIV-positive patients [13] [14] [15] . Aiming to clarify the molecular mechanisms of resistance developed by T. rubrum against inhibiting agents, Fachin et al. [16] cloned and sequenced the TruMDR2 gene, which codifies an ABC (ATP binding cassette) type transporter in this dermatophyte. The TruMDR2 gene rupture becomes the mutant strain more sensitive to terbinafine, 4NQO and ethidium bromide, suggesting that this transporter acts in the modulation of T. rubrum susceptibility to drugs. Such mutant represents an important experimental model for the research of multipledrug resistance in vitro, which may aid in the development of new antimicrobials most effective when compared to the usual therapy.
The EB2 fraction is constituted only by alkaloid compounds ( Table 2 ). Most of these alkaloids belong to the ibogan class and two of them are voachalotine-like. Voachalotine is the primary structure of the MMV alkaloid, which is the major alkaloid, isolated from T. catharinensis EB2 fraction [17, 18] . Ibogan chemical derivates were found to reverse the multiple-drug resistance, which was a phenomenon first described in resistant tumor cells due to the presence of the ABC transporters in these cells acting as an efflux pump carrying out chemically unrelated drugs [19] .
In susceptibility tests for antimicrobial activity screening, the EB2 fraction exhibited the highest activity against the antibiotic resistant clinical isolates Enterococcus sp, E. coli, and K. pneumoniae with a MIC value of 0.04 mg/mL Enterococcus sp, E. coli, and K. pneumoniae with a MIC value of 0.04 mg/mL. Furthermore, for S. aureus ATCC the MIC for the EB2 fraction was 0.04 mg/mL and <0.02 mg/mL for ATCC S. epidermidis, E. coli and P. aeruginosa. For the K. oxytoca, Citrobacter sp, S. aureus and P. mirabilis the MIC value was 0.08 mg/mL. The (Table 3 ).
The EB2 fraction inhibited both Gram negative and Gram positive bacterial strains with MIC values similar to those exhibited by the controls ampicilin and cloranfenicol, indicating a broad spectrum of bacterial activity of alkaloids included in the fraction (Table 3) . Achenbach et al. [9] reported that alkaloids coronaridine, tabersonine, 3-oxovoacangine and 7α-Hidroxyindolenine voacangine from T. cymosa seeds presented a significant antifungal activity against Rhizoctonia solani, while, Pallant and In general, plant extracts exhibiting antimicrobial activity at concentration range lower than 100 µg/mL have been considered as an applicable source of antimicrobial agents [21] . Moreover, Holetz et al. [22] , using the microdilution technique for screening tests of plant hydroalcoholic extracts against both Gram-positive and Gram negative bacteria and yeasts, proposed a classification of antimicrobial plant extract effectiveness based on MIC values. According to the authors, if the extracts displayed an MIC lesser than 100 μg/mL, the antimicrobial activity was considered good; from 100 to 500 μg/mL the antimicrobial activity was moderate; from 500 to 1000 μg/mL the antimicrobial activity was weak; over 1000 μg/ml the extract was considered ineffective as antimicrobial. Indeed, for T. rubrum and Gram positive and Gram negative bacteria, the EB2 fraction showed a antimicrobial activity with MICs ranging from 0.08 to < 0.02 μg/mL, complying then with a relevant action. According to the results hereby presented, T. catharinensis EB2 fraction, which is rich in indole alkaloids, and the MMV alkaloid possesses antimicrobial activity, especially for multi drug resistant microorganisms. The phytochemical analysis suggests that those indole alkaloids, including MMV, may be responsible for the observed antimicrobial activity.
Experimental
Plant Material: Root barks of T. catharinensis were collected in Assis, SP, Brazil, and a voucher specimen was deposited at the herbarium (SPFR) of FFCLRP, São Paulo University, Ribeirão Preto-SP, Brazil (Reg. No. 02940).
Extract preparations and chromatography procedures:
The ethanolic crude extract (ECE) of T. catharinensis root bark, as well as chromatographic fraction EB2 and the quaternary alkaloid MMV (12-Methoxy-4-methylvoachalotine) obtained from this fraction were prepared and identified according Pereira et al. [18, 19] . Non-quaternary alkaloid contents were characterized in a Varian 3900 GC/ 2100 MS/injector CP8410 gas chromatograph coupled to a mass spectrometer, with a VF-5ms (30 m x 0.25 mm x 0.25 μm) capillary column, in the following conditions: Helium as carrier gas at 1.2 mL/min, injector split at 280ºC (Split ratio: 1/20), electron impact ionization at 70 eV and oven temperature programmed from 40ºC to 280ºC at 10ºC/min. Constituents were characterized by comparison of mass spectra with software Nist 62 library and co-injection with some standard alkaloids isolated from T. catharinensis.
Antimicrobial testing
Antifungal assay: T. rubrum -A clinical T. rubrum isolate (ATCC-MYA3108) was obtained from a patient admitted to the University Hospital of Ribeirão Preto, SP, Brazil. The mutant strain TruMDR2 was obtained from disruption of the TruMDR2 gene from MYA3108 [16] . Standard techniques for microorganism manipulation and growth were previously described [23] . Susceptibility of the MYA3108 and TruMDR2 mutant strains was tested by assessing the MICs exhibited by different concentrations of T. catharinensis ethanol extract, EB2 fraction and the MMV alkaloid diluted in DMSO 10% according to the M38-A microdilution technique proposed by the National Committee for Clinical Laboratory Standards [24] . Microtitre trays were incubated at 28°C and MICs were recorded after 7 days of incubation. The MIC 100 was defined as the lowest extract, fraction or MMV concentration resulting in total inhibition. The assays were carried out in three independent experiments performed in triplicate. Fluconazole (0.07 mg/mL) was used as reference control. [25] and the antibiogram obtained through the Kirby-Bauer method using antibiotic disks in a concentration of 5 to 30 μg/mL in Miller Hinton medium [26] .
Antimicrobial activity against ATCC strains and antibiotic resistant clinical isolates was evaluated according to the microdilution method in a BHI medium [27] . Briefly, each experimental well containing different concentrations of crude extract, EB2 fraction and the alkaloid MMV diluted in DMSO 10% was inoculated with the bacterial suspension in a final concentration of 10 5 CFU/mL. Microtitre trays were incubated at 37°C and the MIC 100, as defined above, was recorded after 24 hours of incubation. The assays were carried out in three independent experiments performed in triplicate. Ampicilin and cloranfenicol (10 mg/mL) were used as reference controls.
